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Administration of pertussis toxin to hamsters abolishes the cvz-adrenergic nhibition of adenylate cyclase 
in their adipocytes. The toxin did not modify the number of adipocyte cY2-adrenoceptors or their affinity 
for antagonists. In contrast, the affinity for agonists was significantly diminished in adipocyte membranes 
obtained from pertussis toxin-treated hamsters as compared to the controls. This decrease inaffinity was 
due to a significant diminution in the proportion of sites displaying the high-affinity state for agonists. 
It is concluded that pertussis toxin induces a shift in the proportion of sites in high- and low-affinity states 
for agonists towards the low-affinity conformation. 
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1. INTRODUCTION 
In many cell types, pertussis toxin, one of the 
toxins produced by Bordetellapertussis, blocks the 
inhibition of adenylate cyclase mediated by hor- 
mones and neurotransmitters [l-9]. The effect of 
pertussis toxin seems to be due to the NAD- 
ribosylation of a protein (Mr 41000) which 
presumably is a subunit of Ni [3,4,10,11]. It has 
been reported that this toxin-catalyzed covalent 
modification of Ni is associated with blockage of 
the low-&, GTPase activity linked to receptor- 
mediated inhibition of adenylate cyclase [ 13- 151. 
Furthermore, two recent reports indicate that the 
toxin decreases the affinity for agonists of recep- 
tors coupled inhibitorily to the cyclase [4,12]. 
effect of pertussis toxin on this model is well 
documented [5,6,9,14]. We present here the results 
of a detailed study of the effect of pertussis toxin 
on hamster adipocyte cyz-adrenoceptors. 
2. MATERIALS AND METHODS 
[3H]Dihydroergocryptine ([3H]DHE) (spec. act. 
33 Ci/mmol) was obtained from New England 
Nuclear. Collagenase (type II) and bovine serum 
albumin (fraction V) were from Worthington and 
Armour, respectively. I-Isoproterenol, l-epineph- 
rine, propranolol, ACTH, dithiothreitol and 
guanylyl-5imidodiphosphate (Gpp(NH)p) were 
obtained from Sigma. Prazosin was a generous gift 
from Pfizer. 
Adipocytes are a model system well known for 
their exquisite sensitivity to agents that activate 
and inhibit adenylate cyclase. The cuz-adrenocep- 
tors present in hamster adipocytes are coupled in- 
hibitorily to the cyclase and have been carefully 
characterized by our group [16]. Furthermore, the 
Male Golden Hamsters (80-90 g) fed ad libitum 
were used. Pertussis toxin, purified =1800-fold as 
in [6], was administered intraperitoneally to the 
hamsters 3 days before killing at a dose of 
10 rg/lOO g [6]. Control animals received the vehi- 
cle. Adipocytes were obtained as in [17]. In studies 
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of cyclic AMP accumulation, fat cells (~2 x lo5 
cells) were incubated for 10 min at 37°C with the 
agents indicated in 1 ml Krebs-Ringer phosphate 
buffer containing 100 pM theophylline and 0.5 pug 
adenosine deaminase [5,6]. Cyclic AMP was quan- 
tified as in [ 181. Adipocyte membranes were 
prepared as in [16]. az-Adrenergic receptors were 
studied using [3H]DHE as in [16] with the follow- 
ing modifications: (i) lo-’ M prazosin was includ- 
ed in all the experiments to block ai-adrenoceptors 
present in the membranes [16]; (ii) the incubation 
volume was increased to 0.25 ml, and 1 mM 
dithiothreitol was added; (iii) temperature was 
decreased to 25°C; (iv) the incubation period was 
increased to 30 min; these modifications allowed 
us to obtain much more reproducible results in the 
agonist competition experiments. Specific binding 
to cuz-adrenergic receptors was 7O-80% at the Kd. 
Analysis of the data was performed by previously 
described computer modelling techniques [19-211. 
3. RESULTS AND DISCUSSION 
In agreement with [5-91, it was observed that in 
cells from pertussis toxin-treated hamsters the 
ability of agents, such as ACTH or isoproterenol, 
to stimulate adenylate cyclase was magnified 
whereas the inhibitory action of a*-adrenergic 
amines was blocked (table 1). To gain further in- 
sight into the mechanism of such blockade by the 
toxin, the az-adrenoceptors of the adipocyte were 
studied. 
Binding saturation experiments using i3H]DHE 
indicated that neither the number of cYz-adreno- 
ceptors nor their affinity for the antagonist was af- 
fected by the toxin: B,,, 500 f 39 and 534 f 
29 fmol/mg protein and & 5.8 f 0.8 and 4.7 -+ 
0.5 nM in membranes from adipocytes from con- 
trol and pertussis-treated hamsters, respectively 
(means + SE of 5-6 experiments using different 
membrane preparations). 
Competition experiments, however, indicated 
that the affinity of the adipocyte az-adrenoceptors 
for agonists was markedly affected by the toxin. 
Fig. 1 presents the competition curves of 
epinephrine with [3H]DHE in the absence or 
presence of 0.1 mM Gpp(NH)p. In membranes 
from control adipocytes the epinephrine competi- 
tion curve with [3H]DHE yielded a shallow binding 
isotherm with a slope factor significantly less than 
1 suggesting the presence of heterogeneous binding 
states. Computer modelling indicated the presence 
of two classes of binding states with high (CYZH) and 
low (LYZL) affinity for epinephrine. Addition of 
Gpp(NH)p caused the competition curve to shift to 
the right, consistent with a lower affinity of the 
az-adrenoceptors for epinephrine and to become 
steep with a slope factor not different from 1. In 
adipocyte membranes obtained from toxin-treated 
hamsters the competition curve of epinephrine still 
gave a slope factor less than 1; analysis of the data 
indicated the presence of cr2-adrenoceptors in both 
Q’2u and CYZL affinity states. However, the propor- 
tion of sites in each state was significantly different 
in fat cell membranes from control as compared to 
toxin-treated hamsters (table 2). The competition 
curve in the presence of Gpp(NH)p gave a binding 
isotherm not significantly different from that 
Table 1 
Effect of pertussis toxin on the hormonal regulation of cyclic AMP levels in hamster 
adipocytes 
Addition Cyclic AMP (pmol/106 cells) 
Control Pertussis 
Basal 74+ 3 82* 9 
ACTH (10 pg/ml) 3497 f 199 9518 k 297 
ACTH (lOpg/ml) + lo-’ M propranolol + 
1O-5 M epinephrine 365 + 37 9179 * 594 
Isoproterenol ( 10m6 M) 5258 + 408 9150 l?r. 395 
Epinephrine ( 10m5 M) 182 f 15 9531 + 252 
Each value is the mean k SE of 12-16 determinations 
96 
Volume 172, number 1 FEBS LETTERS June 1984 
L---f/ : I 
9 8 7 6 5 4 
-log [EPINEPHRINE] M 
Fig. 1. Competition curves of [3H]DHE with epinephrine 
in the absence and presence of 0.1 mM Gpp(NH)p. (0) 
Control, (e) control + Gpp(NH)p, ( q ) pertussis, (B) 
pertussis + Gpp(NH)p. The data represent the mean of 
6 experiments, each performed in duplicate. The 
concentration of [3H]DHE was 3-6 nM. The data were 
normalized for graphic representation. 
observed in the controls with the guanine 
nucleotide (fig. 1, table 2). Our data indicate that 
pertussis toxin induces a shift to the low-affinity 
state for agonists of the @2-adrenoceptors coupled 
inhibitorily to adenylate cyclase and are consistent 
with the results in [4] and (121. 
Our data differ from those in [4,12] in that the 
shift to the low-affi~ty state for agonists induced 
by the toxin was not complete. This allowed us to 
demonstrate the transition from a majority of 
high- to low-affinity states by performing a de- 
tailed analysis of the data (table 2). The absence of 
complete blockade by the toxin under our condi- 
tions was previously shown by the inhibitory ac- 
tion of high concentrations of agonists on cyclic 
AMP levels and lipolysis [5,6]. We have observed 
a similar partial effect of pertussis toxin in renal 
a2-adrenoceptors (submitted). 
In conclusion, our studies indicate that pertussis 
toxin shifts the state of affinity of receptors coupl- 
ed inhibitorily to adenylate cyclase towards the 
low-affinity state for agonists. Although obviously 
more direct studies are required to establish the 
molecular mechanism of such action of the toxin, 
the data suggest hat the covalent modification of 
the 4I-kDa protein alters the interactions of Ni 
with both the receptors and adenylate cyclase. The 
altered interaction of Ni with adenylate cyclase is 
shown by the blockade by pertussis toxin of the in- 
hibitory action of GTP 18,141. The relationship 
between these actions of the toxin and the enhanc- 
ed response to stimulatory agents remains to be 
established. However, recent findings suggest he 
existence of a common subunit in Ni and Ns, 
which offers new possibilities of explaining the 
basic mechanism of the actions of the toxin on a 
molecular basis [lO,ll]. 
Table 2 
Parameters derived from the computer modelling of competition curves of epinephrine with 
t3H]DHE in adipocyte membranes from control and pertussis toxin-treated hamsters 
Parameter Control Pertussis-treated Control Pertussis-treated 
+ GPP(NH)P + GPP(NH)P 
Kd %?H (nM) 12.5 + 7.6= 14.8 f 7.1a 
Kd G’ZL WI) 720 f 720a 580 * 170a 400 *90 550 f 60 
a2Ei fV0) 64 4 12b 38 * 5b 
ff2L wo?b) 36 + lob 62 f 5b 100 100 
ECSO (nM) 78 z!z 30” 330 + 46’ 700 +- 99 760 + 130 
Slope 0.60 f O.lOd 0.71 + 0.05d 1.1 * 0.09 0.83 + 0.09 
a Two-state fit significantly better than one-state fit (p < 0.04) 
b Proportion of receptors in high-affinity state was significantly different between control and 
pertussis-treated. Comparisons were made by comparing the goodness of fit by an F test as in 
119-211. Two-state fits were utilized only when this more complex model si~i~cantiy improved 
the goodness of fit 
’ EC50 significantly different 0, < 0.002) 
d Slope different from 1 @ < 0.04) 
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